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ABSTRACT 

A  study  of  survivable  aircraft  accidents  followed  by  fire  showed  that  the  number  of  casualties  could  be  significantly  reduced  by 
fire  hardening  the  fuselage1.  Because  of  this,  occupant  fatalities  become  heavily  reliant  upon  the  aircraft  body  remaining  intact  as 
exterior  fire  impinges  upon  it.  To  increase  survivability,  the  Federal  Aviation  Administration  (FAA)  has  developed  a  medium-scale 
laboratory  test  to  analyze  the  burnthrough  resistance  of  aircraft  skin  components  using  an  impinging  high  heat  flux  (HHF)  («  180 
kW/m2)  jet  fuel  flame  from  an  oil  burner  to  simulate  conditions  observed  in  post-crash  aviation  fires  (Figure  I)2. 

The  latest  generation  of  military  and  commercial  aircraft  is  constructed  with  large  quantities  of  carbon  fiber  composites.  In 
particular  the  fuselage  and  wing  skin  and  structural  members  are  now  routinely  constructed  entirely  from  carbon/BMI  or 
carbon/Epoxy  composites.  From  a  fire  protection  point  of  view,  this  is  a  substantial  difference  from  the  traditional  aluminum  skin 
construction.  This  major  change  in  construction  materials  has  produced  a  need  for  improvements  in  HHF  testing  capabilities.  The 
leading  test  for  determining  ignitability  and  heat  release  rate  is  the  cone  calorimeter5.  This  method  applies  heat  flux  loads  from  25  to 
100  kW/m2.  During  earlier  work  with  the  FAA  burn  through  apparatus,  the  Air  Force  Research  Laboratory  Fire  Research  Group 
(AFRL/RXQD)  determined  that  the  apparatus  was  not  adequate  for  evaluation  of  carbon/polymer  fuselage  skins  because  of  the 
overwhelming  flame  which  often  concealed  skin  ignition.  AFRL/RXQD  has  begun  development  on  a  HHF  burnthrough  test  method 
to  replace  the  FAA  oil  burner  to  provide  easier  set-up,  greater  consistency,  and  simplicity  in  analyzing  results  for  the  pyrolysis  of 
advanced  composite  materials. 

An  extensive  review  of  technologies  for  generating  suitable  high  heat  fluxes  resulted  in  the  identification  of  two  alternative 
technologies  for  generating  the  fluxes  required,  the  infrared  emitter  bank,  and  the  plasma  air  torch.  The  scope  of  this  effort  is  to 
design  and  analyze  two  unique  applications  based  upon  their  core  convective  and  radiant  mechanisms  of  heat  transfer,  a  plasma  air 
torch  and  infrared  emitter  bank,  respectively.  A  convective  as  well  as  radiant  heat  transfer  solution  was  selected  on  the  basis  of  re¬ 
creating  the  primary  heat  transfer  principles  associated  with  an  impinging  jet  flame. 

The  computational  fluid  dynamic  (CFD)  software  package  ANSYS  Fluent®9  was  used  to  model  heat  transfer  and  flow  physics 
for  both  heater  simulations.  Radiant  heat  transfer  is  calculated  via  the  discrete  ordinate  (DO)  model  by  solving  for  radiant  intensity 
in  a  similar  manner  to  the  rest  of  the  transport  equations  over  a  number  of  resolved  spatial  directions. 

Based  on  the  CFD  models,  the  total  surface  heat  flux  at  the  sample  is  240  kW/m2  and  approximately  220  kW/m2  for  the  air 
torch  and  IR  bank,  respectively.  The  variation  of  the  heat  flux  over  the  10  cm  sample  area  is  in  the  range  of  1  to  4%.  The  plasma 
air  torch  showed  heavy  expected  dependency  on  convection  heat  transfer  with  only  0.3%  being  due  to  radiation  in  the  presence  of 
the  refractory  alumina  nozzle.  Convective  heat  transfer  from  the  IR  emitter  bank  to  the  ignition  sample  surface  is  nearly  negligible. 
Overall  heat  transfer  for  both  sources  are  heavily  dependent  upon  material  properties,  thus  accurate  data  on  parameters  such  as 
thermal  conductivity,  specific  heat,  radiation  absorption  coefficient,  refraction  index,  and  specular  vs.  diffuse  surfaces  are  critical  in 
calculating  accurate  solutions. 

The  near  equivalency  of  the  model  heat  flux  computations  indicates  that  both  sources  can  produce  the  heat  flux  over  a  sample 
area  equivalent  to  that  of  the  FAA  burn  through  test.  Since  construction  of  the  full  scale  apparatus  will  require  substantial 
investment  in  equipment  and  infrastructure,  the  AFRL/RXQD  management  has  funded  construction  of  two  small  scale  prototypes 
which  will  permit  evaluation  of  10  x  10  cm  cone  calorimeter  sized  samples.  Using  these  two  complimentary  techniques,  future 
studies  will  be  aimed  at  determining  the  relative  impacts  of  radiative  and  conductive  heat  transfer  in  the  propagation  of  pool  fire 
damage  in  the  post  crash  pool  fire  regime.  Finally,  an  understanding  of  the  physical  models  learned  here  will  then  be  applied  to  aid 
materials  fire  characterization  in  full-scale  crash  fire  scenarios. 
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INTRODUCTION 

A  study  of  survivable  aircraft  accidents  followed  by  fire  showed 
that  the  number  of  casualties  could  be  significantly  reduced  by  fire 
hardening  the  fuselage1.  Because  of  this,  occupant  fatalities  become 
heavily  reliant  upon  the  aircraft  body  remaining  intact  as  exterior  fire 
impinges  upon  it.  To  increase  survivability,  the  Federal  Aviation 
Administration  (FAA)  has  developed  a  medium-scale  laboratory  test  to 
analyze  the  burnthrough  resistance  of  aircraft  skin  components  using 
an  impinging  high  heat  flux  (HHF)  («  180  kW/m2)  jet  fuel  flame  from  an 
oil  burner  to  simulate  conditions  observed  in  post-crash  aviation  fires 
(Figure  I)2.  Recently  the  procedure  has  been  significantly  revised  to 
avoid  non-uniform,  inconsistent  results  among  participating 
laboratories  and  lack  of  parts  for  the  original  apparatus.3 


Figure  1.  The  medium-scale  burn  through  test 
apparatus  currently  employed  by  the  FAA.3 

The  latest  generation  of  military  and  commercial  aircraft  is 
constructed  with  large  quantities  of  carbon  fiber  composites.  In 
particular  the  fuselage  and  wing  skin  and  structural  members  are  now 
routinely  constructed  entirely  from  carbon/BMI  or  carbon/Epoxy 
composites.  From  a  fire  protection  point  of  view,  this  is  a  substantial 
difference  from  the  traditional  aluminum  skin  construction.  This  major 
change  in  construction  materials  has  produced  a  need  for 
improvements  in  HHF  testing  capabilities.  The  leading  test  for 
determining  ignitability  and  heat  release  rate  is  the  cone  calorimeter5. 
This  method  applies  heat  flux  loads  from  25  to  100  kW/m2.  During 
earlier  work  with  the  FAA  burn  through  apparatus,  the  Air  Force 
Research  Laboratory  Fire  Research  Group  (AFRL/RXQD)  determined 
that  the  apparatus  was  not  adequate  for  evaluation  of  carbon/polymer 
fuselage  skins  because  of  the  overwhelming  flame  which  often 
concealed  skin  ignition.  Consequently,  AFRL/RXQD  has  begun 
development  on  a  HHF  burnthrough  test  method  to  replace  the  FAA  oil 
burner  to  provide  easier  set-up,  greater  consistency,  and  simplicity  in 
analyzing  results  for  the  pyrolysis  of  advanced  composite  materials. 
The  overall  objective  is  to  analyze  composite  fuselage  ignition  behavior 
under  different  heat  transfer  loading  mechanisms,  with  plans  to  better 
define  the  fire  protection  needs  of  current  and  next  generation  aircraft 
coming  into  service. 
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Figure  2.  Schematic  representation  of  the  IR 
Emitter  Bank. 

An  extensive  review  of  technologies  for  generating  suitable  high 
heat  fluxes  resulted  in  the  identification  of  two  alternative  technologies 
for  generating  the  fluxes  required.  The  Infrared  Emitter  Bank6,  Figure 
2,  follows  the  traditional  fire  property  evaluation  radiant  heat  approach 
with  specialized  gold  reflectors  to  enhance  heat  transfer  in  the  short¬ 
wave  infrared  wavelength  regime.  The  Plasma  Air  Torch7,  Figure  3,  is 
capable  of  jet  exit  temperatures  in  excess  of  1575  K.  The  system  is 
driven  by  an  infinitely  adjustable  blower  feeding  air  to  an  insulated 
refractory  alumina/  resistance  element  heat  exchanger  matrix  where 
incoming  air  is  excited  to  a  plasma  state  causing  approximately  1%  of 
the  air  to  dissociate.  This  air  dissociation  increases  the  fluid’s  ability  to 
transfer  heat  in  greater  excess  compared  to  standard  air  heating 
methods.8  Exit  flow  temperatures  are  a  primary  function  of  fluid 
residence  time  within  torch  chamber  walls. 

The  scope  of  this  effort  is  to  design  and  analyze  two  unique 
applications  based  upon  their  core  convective  and  radiant  mechanisms 
of  heat  transfer,  a  plasma  air  torch  and  infrared  emitter  bank, 
respectively.  A  convective  as  well  as  radiant  heat  transfer  solution  was 
selected  on  the  basis  of  re-creating  the  primary  heat  transfer  principles 
associated  with  an  impinging  jet  flame. 


Figure  3.  Plasma  Air  Torch.7 


MODELING  APPROACH 

The  computational  fluid  dynamic  (CFD)  software  package  ANSYS 
Fluent®  9  was  used  to  model  heat  transfer  and  flow  physics  for  both 
heater  simulations.  Radiant  heat  transfer  is  calculated  via  the  discrete 
ordinate  (DO)  model  by  solving  for  radiant  intensity  in  a  similar  manner 
to  the  rest  of  the  transport  equations  over  a  number  of  resolved  spatial 
directions. 


RESULTS  AND  CONCLUSIONS 

Figure  4  shows  the  high  fluid  temperature  impinging  on  the 
sample  surface  reminiscent  of  the  flame  impingement  produced  in  the 
FAA  test  apparatus.  The  IR  emitter  bank  showed  almost  pure  radiant 
energy  at  the  sample  surface,  Figure  5. 
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Figure  4.  Plasma  air  torch  contours  of 
fluid  total  temperature. 
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Figure  5.  IR  emitter  bank  contours  of  incident 
radiation. 


Figure  6  presents  the  numerical  results  from  the  CFD  models. 
Total  surface  heat  flux  at  the  sample  is  240  kW/m2  and  approximately 
225  kW/m2  for  the  air  torch  and  IR  bank,  respectively.  The  variation  of 
the  heat  flux  over  the  10  cm  sample  area  is  in  the  range  of  1  to  4%. 
The  plasma  air  torch  showed  heavy  expected  dependency  on 
convection  heat  transfer  with  only  0.3%  being  due  to  radiation  in  the 
presence  of  the  refractory  alumina  nozzle.  Convective  heat  transfer 
from  the  IR  emitter  bank  to  the  ignition  sample  surface  is  nearly 
negligible. 

Overall  heat  transfer  for  both  sources  are  heavily  dependent  upon 
material  properties,  thus  accurate  data  on  parameters  such  as  thermal 
conductivity,  specific  heat,  radiation  absorption  coefficient,  refraction 
index,  and  specular  vs.  diffuse  surfaces  are  critical  in  calculating 
accurate  solutions. 


sample  based  on  CFD  models. 


FUTURE  WORK 

The  near  equivalency  of  the  model  heat  flux  computations 
indicates  that  both  sources  can  produce  the  heat  flux  over  a  sample 
area  equivalent  to  that  of  the  FAA  burn  through  test.  Since 
construction  of  the  full  scale  apparatus  will  require  substantial 
investment  in  equipment  and  infrastructure,  the  AFRL/RXQD 
management  has  funded  construction  of  two  small  scale  prototypes 
which  will  permit  evaluation  of  10  x  10  cm  cone  calorimeter  sized 
samples. 

Using  these  two  complimentary  techniques,  future  studies  will  be 
aimed  at  determining  the  relative  impacts  of  radiative  and  conductive 
heat  transfer  in  the  propagation  of  pool  fire  damage  in  the  post  crash 
pool  fire  regime. 

Finally,  an  understanding  of  the  physical  models  learned  here  will 
then  be  applied  to  aid  materials  fire  characterization  in  full-scale  crash 
fire  scenarios. 
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